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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a synthetic quartz glass crucible capable of suppressing 
foam generation in the inner layer of the quartz glass crucible during heating at a high temperature 
while keeping the high purity, and improving the crystallization rate (DF rate) of silicon single crystal. 
SOLUTION: Synthetic silica glass powder, which is most suitable for producing a quartz glass 
crucible for drawing up silicon single crystal, is manufactured by heating amorphous silica powder, 
which has been produced by sol-gel process, in hydrogen atmosphere up to 800-1, 300°C. Further, 
the resultant synthetic silica glass powder is molded into a quartz glass crucible by arc-fusion 
process, and thus obtained quartz glass crucible has a high DF rate. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] ~ — — — 

[Claim 1] Synthetic silica glass powder for quartz-glass crucibles characterized by not accepting the absorption 
band of wave number 2360cm-l and 2330cm-l in the permeability spectrum which is the amorphous silica 
powder manufactured with the sol gel process, and was measured with the fourier transformation infrared 
spectrophotometer. 

[Claim 2] Synthetic silica glass powder for quartz-glass crucibles according to claim 1 characterized by for 
mean particle diameter being 150-350 micrometers, and a maximum grain size being 500 micrometers or less. 
[Claim 3] The manufacture approach of the synthetic silica glass powder for quartz-glass crucibles 
characterized by heat-treating the amorphous silica powder manufactured with the sol gel process in the 
ambient atmosphere which contains hydrogen gas more than 10 volume % under 800 thru/or the temperature of 
1300 degrees C. 

[Claim 4] The manufacture approach of the synthetic silica glass powder for quartz-glass crucibles according to 
claim 3 characterized by setting the heat treatment temperature and this processing time for obtaining the above- 
mentioned synthetic silica glass powder as the range in which the above-mentioned synthetic silica glass 
powder is not crystallized. 

[Claim 5] The manufacture approach of the quartz-glass crucible characterized by carrying out arc melting, 
throwing into container-like mold the synthetic silica glass powder which contains substantially the synthetic 
silica glass powder heat-treated and manufactured under the temperature of 800 degrees C thru/or 1300 degrees 
C in the amorphous silica powder manufactured with the sol gel process in the ambient atmosphere which 
contains hydrogen gas more than 10 volume % as a principal component, fabricating it in a crucible 
configuration, and rotating this mold. 

[Claim 6] The manufacture approach of the quartz-glass crucible characterized by to carry out arc melting, 
rotating this mold after throwing crystalline substance silica powder into container-like mold, fabricating in a 
crucible configuration, throwing in the synthetic silica glass powder manufactured by heat-treating in the 
ambient atmosphere which contains hydrogen gas more than 10 volume % under the temperature of 800 degrees 
C thru/or 1300 degrees C in the amorphous silica powder further manufactured by this inside with the sol gel 
process and fabricating in the crucible configuration of predetermined thickness. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] About the synthetic silica glass powder and its manufacture 
approach for the quartz-glass crucibles used in the case of a silicon single crystal pull-up, further, about the 
manufacture approach of a quartz-glass crucible using said synthetic silica glass powder, this invention inhibits 
gassing at the time of the elevated temperature of a crucible inside, and relates to the manufacture approach of 
the quartz-glass crucible for a silicon single crystal pull-up which can improve the rate of single-crystal-izing of 
the silicon single crystal manufactured (rate of DF) especially. 
[0002] 

[Description of the Prior Art] The silicon single crystal is conventionally manufactured by the approach called 
the Czochrlski method (CZ process). A CZ process is an approach of fusing polish recon in the crucible 
manufactured with quartz glass, and the seed crystal of a silicon single crystal being immersed in this silicon 
melt, and pulling up seed crystal gradually, rotating a crucible, and a silicon single crystal growing up seed 
crystal as a nucleus, and manufacturing a single crystal. In this approach, although it is an important element 
[be / the silicon single crystal manufactured / of course / a high grade ], since the manufacture yield of the 
silicon wafer manufactured by coincidence from this silicon single crystal is directly influenced by the rate of 
DF, it has been the technical problem that the improvement in the rate of DF is big. Based on these demands in 
a CZ process, improvement in the property for high-grade-izing and the rate improvement of DF is strongly 
demanded also to the quartz-glass crucible which is an important member in a CZ process. 
[0003] Usually, the quartz-glass crucible is manufactured by the approach called an arc melting method. This 
approach is an approach of filling up the mold of a crucible with high grade quartz powder, heating and fusing 
quartz powder to an elevated temperature by arc discharge, and manufacturing a crucible. In this way, while 
melting of the internal surface of a crucible is carried out comparatively flat and smooth, and the crucible 
manufactured does not almost have air bubbles, either and serves as a transparent layer, into the part near the 
skin of a crucible wall, many air bubbles remain comparatively. 

[0004] And when such a crucible is used for a silicon single crystal pull-up, in order for a part of crucible 
internal surface to dissolve in silicon melt into a silicon single crystal pull-up process, when an impurity exists 
in a crucible internal surface, it is spread in silicon melt and also becomes the cause of contamination of a 
silicon single crystal, or crystal defect generating. Moreover, air bubbles are generated at the time of heating at 
high temperature into the part similarly near the internal surface of the quartz-glass crucible which was 
transparence at the beginning of manufacture, and this grows and explodes during a crystal pulling activity, or a 
crucible is expanded, and it is thought that it becomes the factor which reduces the rate of DF of a silicon single 
crystal at the silicon single crystal pull-up process which used this crucible. In such a situation, various kinds of 
amelioration for improvement in high-grade-izing of a quartz-glass crucible and the rate of DF is performed. 
[0005] There is a technique of patent No. 2863554 as the example. This is related with the quartz-glass crucible 
which formed the inside lining layer of synthetic silicon-dioxide lining inside the quartz-glass crucible outer 
wall section, and was bilayer-ized. In the crucible which has conventionally the synthetic quartz inside lining 
layer which is the decomposition product of well-known tetrachlorosilane, in order to prevent foaming crucible 
in use [ resulting from the decomposition product which remains ], this technique hydrolyzes a silicon alkoxide 
and uses it as an inside lining layer. According to this approach, it is smooth and precise as an inside lining 
layer, and the quartz-glass crucible which is equal to elevated-temperature use is obtained. However, it was not 
what can respond enough to the demand of the latest more advanced rate improvement of Dp. 
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[0006] Moreover, in order to high-grade-ize a quartz-glass crucible, the attempt which uses the particle of 
synthetic quartz as a crucible raw material is made (refer to JP,4-154613,A). For example, although using the 
amorphous synthetic quartz which hydrolyzed and manufactured the silicon tetrachloride as a crucible raw 
material was known, since amorphous synthetic quartz contained the hydroxyl group so much, the crucible 
manufactured now had the problem that the mechanical strength in the case of contact to silicon melt was 
inadequate. Then, in order to remove the hydroxyl group in the quartz glass leading to the mechanical-strength 
fall at the time of an elevated temperature, cristobalite-izing an amorphous composition silica and attaining 
improvement and high-grade-izing of bulk density is also performed. However, although a phase transition 
accelerator is used by this approach in case it cristobalite-izes, it is difficult to remove this at a back process, 
and it causes degradation of a production process (refer to JP,4- 1 546 1 3,A). Moreover, although using the 
above-mentioned cristobalite powder for the inner layer of said bilayer crucible is also considered Although a 
high grade inner layer in high bulk density crucible is obtained when this cristobalite powder is used for a inner 
layer [ when a quartz-glass crucible is used for CZ under reduced pressure ] Among those, generating of the air 
bubbles in a layer, Or when the fault of reducing the rate of DF by expansion was not canceled and cristobalite 
powder was used in an experiment of this invention persons, in the manufacture phase of a crucible, the air 
bubbles of an inner surface were not able to be especially made for there to be nothing substantially. 
[0007] Moreover, in order to high-grade-ize a quartz-glass crucible, using the quartz-glass powder 
manufactured with the sol gel process as a raw material is known (refer to patent No. 2684449). By the way, 
although high-grade-izing is easy for the quartz-glass powder manufactured with this sol gel process and the 
crucible moldability by the arc melting method is good, since expansion and deformation arise on a crucible 
wall surface at the time of the silicon single crystal pull-up under reduced pressure, it has been a problem. 
Amelioration of the various manufacture approaches for decreasing the air bubbles of the above-mentioned 
crucible wall surface conventionally is tried. Then, as one of them In case a quartz particle is fused in a mold 
using a mold with permeability in manufacturing a quartz-glass crucible The approach of decompressing 
through a permeability mold in the first half of a melting process, forming a transparent-silica-glass layer in an 
inside side, and forming the quartz-glass layer which has a cellular layer for reduced pressure in an external 
surface side by a halt thru/or weakening in the second half of a melting process is learned. As for the synthetic 
quartz glass crucible which used synthetic powder and was manufactured with the above-mentioned 
manometric method at the inside side, a synthetic layer is formed as a clear layer. According to this approach, 
although the air bubbles of a crucible inside decreased in number seemingly, when these were used for a pull-up 
of a silicon single crystal, there was a problem which the air bubbles by heating at high temperature may be 
generated in the transparent inside composition clear layer, and cannot finish accepting the demand of the latest 
advanced improvement in the rate of DF before a pull-up. 

[0008] Furthermore, in order to decrease the air bubbles at the time of the heating at high temperature of a 
quartz-glass crucible, the technique made into a hydrogen gas ambient atmosphere at the time of the arc melting 
in the case of quartz-glass crucible manufacture is known (refer to patent No. 2559604). However, when this 
technique was used for the lining synthetic quartz glass crucible which has the above-mentioned two-layer 
structure, the present condition was that the amount of erosions in CZ increases, useful life longevity becomes 
short, or deformation of a crucible becomes [ the hydroxyl-group concentration of the inner layer of a crucible 
becomes high, ] large, and a result and sufficient rate of DF are not obtained 
[0009] 

[Problem(s) to be Solved by the Invention] It aims at offering the quartz-glass crucible which gassing of the 
quartz-glass crucible inner layer at the time of an elevated temperature and expansion were inhibited 
[ crucible ], and had improvement in the rate of DF achieved, this invention being made in view of the above- 
mentioned trouble of the conventional technique about a quartz-glass crucible, and maintaining the purity of a 
quartz-glass crucible. 
[0010] 

[Means for Solving the Problem] In order to solve the technical problem of above-mentioned this invention, this 
invention person used to be made paying attention to the ability to attain the above-mentioned technical 
problem by using the synthetic silica glass powder which processed amorphous silica powder with hydrogen 
gas, as a result of examining many things. 

[001 1] That is, the 1st this invention is characterized by being the amorphous silica powder manufactured with 
the sol gel process, being the synthetic silica glass powder for quartz-glass crucibles characterized by not 

h c g eg b eb eg e e 



Page 3 of 7 



accepting the absorption band of wave number 2360cm-l and 2330cm-l in the permeability spectrum measured 
with the fourier transformation infrared spectrophotometer, and for especially mean particle diameter being 
1 50-350 micrometers, and a maximum grain size being 500 micrometers or less. 

[0012] Moreover, this 2nd invention is especially the manufacture approach of the synthetic silica-glass powder 
for quartz-glass crucibles characterized by to heat-treat the amorphous-silica powder manufactured with the sol 
gel process in the ambient atmosphere which contains hydrogen gas more than 10 volume % under 800 thru/or 
the temperature of 1300 degrees C, and is characterized by to set the heat treatment temperature and this 
processing time for obtaining the above-mentioned synthetic silica-glass powder as the range in which the 
above-mentioned synthetic silica-glass powder is not crystallized. 

[0013] It is the manufacture approach of the quartz-glass crucible characterized by to carry out arc melting, 
throwing into container-like mold the synthetic silica-glass powder which contains substantially the synthetic 
silica-glass powder heat-treated and manufactured in the ambient atmosphere which contains hydrogen gas 
more than 1 0 volume % under the temperature of 800 degrees C thru/or 1 300 degrees C in the amorphous silica 
powder with which this 3rd invention was furthermore manufactured with the sol gel process as a principal 
component, fabricating in a crucible configuration, and rotating this mold. 

[0014] Moreover, this 4th invention throws crystalline substance silica powder into container-like mold, and 
fabricates it in a crucible configuration. After throwing in the synthetic silica glass powder furthermore ' 
manufactured by this inside in the amorphous silica powder manufactured with the sol gel process by heat- 
treating in the ambient atmosphere which contains hydrogen gas more than 10 volume % under the temperature 
of 800 degrees C thru/or 1300 degrees C and fabricating in the crucible configuration of predetermined 
thickness, It is the manufacture approach of the quartz-glass crucible characterized by carrying out arc melting, 
rotating this mold. 
[0015] 

[Embodiment of the Invention] Although this invention improves the rate of DF of the crucible manufactured 
using this hydrogen processing composition silica glass powder by heat-treating by making hydrogen gas flow 
in the heat treating furnace filled up with the amorphous silica powder manufactured with the sol gel process as 
described above, it is hereafter explained to a detail about the gestalt of operation of such this invention. 
[0016] In this invention, the amorphous silica powder by the sol gel process is used as a synthetic silica glass 
powder raw material. As the manufacture approach of the amorphous silica powder by composition, although 
there are a hydrothermal crystallization method, an oxyhydrogen-flame synthesis method, a non-chlorine 
synthesis method, etc. besides a sol gel process, the sol gel process is most suitable in respect of the ease of 
manufacture, the purity of a product, economical efficiency, etc. Moreover, in this invention, it is the above- 
mentioned amorphous silica powder, and is characterized by being the synthetic silica powder for quartz-glass 
crucibles with which the absorption band of wave number 2360cm-l and 2330cm-l is not accepted in the 
permeability spectrum measured with the fourier transformation infrared spectrophotometer (FT-IR). Although 
each of absorption bands of wave number 2360cm-l in FT-IR and 2330cm-l shows existence of OC=0 
association In the amorphous silica powder from which this invention persons are obtained by the sol gel 
process The synthetic silica glass powder with which said association considered to originate in the silicon 
alkoxide (for example, Si4 (OC2H5)) used as the raw material is not checked by [ of a quartz-glass crucible ] 
using especially for formation of an internal-surface clear layer It traced that it was possible to control more 
gassing in the internal -surface clear layer or expansion at the time of a silicon single crystal pull-up. 
[00 1 7] As for the grain size of synthetic silica glass powder, it is desirable for mean particle diameter to be 1 50- 
350 micrometers, and for a maximum grain size to be 500 micrometers or less. If a mean diameter is less than 
the above-mentioned range, the moldability of a crucible will worsen and the manufacture yield of a crucible 
will fall. A bubble tends to remain in the side-attachment-wall inner layer of the crucible which will be obtained 
on the other hand if a mean diameter exceeds the above-mentioned range, and it foams at the time of crystal 
pulling (expansion), and also becomes the cause of the rate fall of DF. Moreover, if a maximum grain size 
exceeds the above-mentioned range, the effectiveness of hydrogen processing will no longer be acquired 
enough similarly. " w 1 

[0018] Next, the manufacture approach of the synthetic silica glass powder of this invention is explained. The 
above-mentioned synthetic silica glass powder can obtain the amorphous silica powder manufactured with the 
sol gel process under the temperature of 800 degrees C thru/or 1300 degrees C by heat-treating hydrogen gas in 
the ambient atmosphere contained more than 10 volume %. ~ 
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[0019] Although pure hydrogen gas is sufficient as the hydrogen gas used by this invention, mixed gas is 
sufficient as it. It can be used if it is hydrogen and silica glass, and gas of non-reactivity as gas for dilution. Rare 
gas, such as nitrogen gas from points, such as economical efficiency, and gaseous helium, etc. is suitable. As for 
the concentration of the hydrogen in mixed gas, it is desirable that it is more than 10 volume %. If the depressor 
effect of gassing is so high that hydrogen concentration is high and hydrogen gas concentration is less than 10 
volume %, even if it applies the processing time for a long time, it is hard coming to generate diffusion of the 
hydrogen to the inside of amorphous silica powder, and gassing depressor effect at the time of the heating at 
high temperature of this invention can hardly be expected. 

[0020] The heating temperature under hydrogen processing in this invention has the desirable range of 800- 
1300 degrees C. If heating temperature is less than 800 degrees C, the hydrogen gaseous diffusion effectiveness 
does not occur and the gassing control at the time of heating at high temperature cannot be expected. Moreover, 
if heating temperature exceeds 1300 degrees C, although a hydrogen spreading effect is expectable, it rises and' 
is not desirable [ a spreading effect / possibility a process not only increases, but that amorphous silica powder 
carries out heat weld, must perform choke crushing and grain refining in case it uses as an after / hydrogen 
processing / crucible raw material, and the secondary pollution of amorphous silica powder will occur ]. If 
amorphous silica powder is crystalized as mentioned above, namely, since it becomes difficult to make the air 
bubbles on the front face of a crucible which manufactured that synthetic silica glass powder was a cristobalite 
there be nothing, it is necessary to perform hydrogen processing under the conditions from which amorphous 
silica powder does not serve as a cristobalite. In the case of the amorphous silica powder by the sol gel process, 
it is appropriate it to have become clear that it cristobalite-izes with heating of 1600 degrees C and the elevated- 
temperature long duration of 10 hours or more, and to process a low-temperature short time from this in this 
invention. 

[0021] In order to depend for the hydrogen processing time in this invention on the particle size distribution and 
heat treatment temperature of processed powder, although it cannot say, it is desirable generally ** and to carry 
out in 10 hours from about 30 minutes. When the particle size distribution of processed powder are small, and 
when processing temperature is high, short-time processing is enough, and on the other hand, when particle size 
distribution are large, and when processing temperature is low, the processing time of long duration is required. 
If a hydrogen spreading effect cannot be expected, foaming at the time of heating at high temperature cannot be 
pressed down, if heating time is short, and the processing time exceeds 10 hours, the effectiveness of a property 
improvement is not discovered not only possibility of synthetic silica glass powder crystalizing and transferring 
to a cristobalite is large, but, and it is not economical. 

[0022] The synthetic silica glass powder by which hydrogen processing was carried out by the above-mentioned 
approach does not have fixing or crushing of particles, either, and particle size distribution hardly differ from 
processed powder. Moreover, although it was thought that viscosity fell at the time of an elevated temperature 
when the hydroxyl-group concentration of hydrogen processing powder increased from processing before 
within 10% and hydroxyl-group concentration generally rose, viscosity was as practically equal as the case 
where the raw material powder which does not carry out hydrogen processing is used, at the time of the elevated 
temperature of the quartz-glass crucible which manufactured the reason using said hydrogen processing powder 
of a not clear thing. * ~ ' 

[0023] Since hydrogen processing of the amorphous silica powder of this invention treats inflammable 
hydrogen gas under an elevated temperature, it is desirable to use the heat treating furnace which can be sealed 
so that this hydrogen gas may not leak out outside. The heat treating furnace, cyclone (trademark) method 
furnace, etc. of the fine-particles stowage container which consists of a quartz-glass crucible filled up for 
example, with processed amorphous silica powder in the heat treating furnace as such equipment, and the 
equipment of the batch type equipped [ the above-mentioned fine-particles stowage container ] with the 
charging line network for controlled atmospheres, such as a wrap electric shielding container and hydrogen gas, 
in order to prevent the secondary pollution out of a furnace further and the continuous system equipped with the 
same configuration member can be used. 

[0024] The equipment of the batch type of drawing 1 is explained as one example of the hydrogen processor 
which can be used by this invention. One in drawing is a furnace body which has held the whole fine-particles 
processor of this invention, and the heater 1 1 for heating is embedded over the perimeter at the furnace wall. 
Although various heat sources can be used as a heat source, since control is the easiest, electric heat is desirable. 
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[0025] furnace body 1 lower opening of this invention equipment -- a hearth 2 -- vertical movement - it is 
equipped free [ desorption ] by supposing that it is movable. In this hearth 2 center section, the hole 3 is open. It 
lets this hole 3 pass and the air-supply piping 1 1 and the exhaust pipe arrangement 12 for supplying nitrogen 
gas hydrogen gas and if needed are inserted. The quartz-glass plinth 4 is installed on the above-mentioned 
hearth 2. The hole corresponding to the hole 3 of a hearth 2 is formed also in the quartz-glass plinth, and air- 
supply-and-exhaust tubing is inserted in it. [ as well as the hole 3 of the center of a hearth ] 
[0026] A fine-particles stowage container 5 like the quartz crucible for holding processed amorphous silica 
powder on this quartz-glass plinth 4 is arranged. This fine-particles stowage container 5 needs to be a high 
grade in order to hold processed amorphous silica powder and to contact directly, it is desirable to have purity 
equivalent to the quartz-glass crucible for a silicon single crystal pull-up, and it is more desirable that it is a 
product made from synthetic quartz. 

[0027] The air-supply piping 1 1 for introducing the gas for processing is densely fitted in in the center of a pars 
basilaris ossis occipitalis of this fine-particles stowage container 5, and it is desirable to arrange so that a gas 
inlet may lay underground into amorphous silica powder at least. This reason is that it cannot carry out the 
hydrogen processing of the amorphous silica powder efficiently and effectively since hydrogen is lighter than 
other gas only by introducing hydrogen gas into the space in an electric shielding container. As for the upper 
part of the air-supply piping 1 1, it is desirable by making an open end crooked caudad to make it processed 
composition silica glass fine particles not advance. It goes caudad and, as for the piping edge which is carrying 
out opening, it is desirable to be arranged as much as possible near the pars basilaris ossis occipitalis of the fine- 
particles stowage container 5 so that raw gas may spread round all the space of a fine-particles stowage 
container. The electric shielding container 6 is arranged so that the above-mentioned quartz-glass plinth 4 and 
the quartz crucible 5 may be held. This electric shielding container 6 needs to collaborate with a hearth 2, and it 
needs to finish that open end with a sufficient precision so that the interior may be kept airtight, so that internal 
raw gas may not leak out outside from an electric shielding container. Moreover, as an ingredient of the electric 
shielding container 6, high grade thermal-resistance ingredients, such as quartz glass or a SiC ceramic, are 
suitable. The hydrogen gas which is introduced from the air-supply piping 1 1 and flows into synthetic'silica 
glass powder, without carrying out diffusion absorption is discharged by the exhaust pipe arrangement 12 
drawn from the inside of an electric shielding container outside, and is processed by combustion etc. out of a 
system. 

[0028] Although the synthetic silica glass powder which carried out hydrogen processing and obtained the 
amorphous silica powder manufactured with the sol gel process like **** is effective even if it uses it for which 
a well-known quartz-glass crucible manufacturing method, the manufacture approach of the quartz-glass 
crucible which carries out arc melting is desirable, supplying to especially container-like mold, fabricating in a 
crucible configuration, and rotating this mold. The silica glass powder which contains the above-mentioned 
synthetic silica glass powder as a principal component substantially means what contains crystalline substance 
silicas, such as other amorphous silica or Xtal, less than [ of the whole / 5.0wt% ], except [ this ] when this 
synthetic silica glass powder is 100%. furthermore, as the manufacture approach of the quartz-glass crucible of 
this invention Throw crystalline substance silica powder into container-like mold, and it fabricates in a crucible 
configuration. After throwing in the synthetic silica glass powder furthermore manufactured by this inside in the 
amorphous silica powder manufactured with the sol gel process by heat-treating in the ambient atmosphere 
which contains hydrogen gas more than 10 volume % under the temperature of 800 degrees C thru/or 1300 
degrees C and fabricating in the crucible configuration of predetermined thickness, It is more desirable to carry 
out arc melting, rotating this mold. 

[0029] Since the outer layer of a quartz-glass crucible is fabricated with the melting object of crystalline 
substance silica powder with high viscosity at the time of an elevated temperature according to this manufacture 
approach, the high deformation resistance as the whole crucible is secured, and moreover, in order to arrange 
and fuse the synthetic silica glass powder which carried out hydrogen processing and obtained said amorphous 
silica powder to the internal surface of a quartz-glass crucible at least, as for a quartz-glass crucible, generating 
of the air bubbles in the inside clear layer at the time of Si crystal pulling is controlled 
[0030] 

[Example] First, it has the particle size distribution which were manufactured by the sol gel process marketed 
and which are shown in Table 1, and the amorphous silica powder whose mean particle diameter is 205 
micrometers was prepared. This OH radical concentration was 5 ppm. 
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[0031] 
[Table 11 
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[0032] Hydrogen processing of this processed amorphous silica powder was performed using the equipment of 
drawing 1 . First, it was filled up with the 5kg of the above-mentioned processed amorphous silica powder raw 
materials, respectively into the fine-particles stowage container 5 which consists of a quartz-glass crucible with 
an outer diameter of 35.4cm created from synthetic quartz glass. Subsequently, the electric shielding container 6 
which consists of a quartz-glass crucible has been arranged, and masking of the internal fine-particles stowage 
container 5 was carried out. Subsequently, the nitrogen gas installation piping bulb 10 was opened, the air in an 
electric shielding container was eliminated, and nitrogen gas was made full. When air was eliminated enough, 
the nitrogen gas installation piping bulb 10 was closed, the hydrogen gas installation piping bulb 9 was opened, 
and pure hydrogen gas was introduced. The flow rate of hydrogen gas was considered as a part for 0.01m3/. 
That is, hydrogen concentration in an electric shielding container was made into 100 volume %. Controlling 
whenever [ furnace temperature ] at 1000 degrees C, hydrogen gas was supplied for 3 hours and hydrogen 
processing of the amorphous silica powder was carried out. Then, air supply were changed to nitrogen gas, the 
hydrogen gas which remains in a system was eliminated, temperature was cooled even in ordinary temperature, 
and the synthetic silica glass powder by which hydrogen processing was carried out was obtained. 
[0033] In this way, the hydroxyl-group concentration and mean particle diameter of hydrogen processing 
composition silica glass powder which were obtained were measured. Consequently, hydroxyl-group 
concentration was increasing about 3% as compared with unsettled amorphous silica powder. Moreover, mean 
particle diameter was 213 micrometers and was almost equivalent to the amorphous silica powder before 
hydrogen processing. Furthermore, the permeability spectrum was measured in FT-IR (resolution: 4cm- 1, 
apodization function:Cosine) about said synthetic silica glass powder. The permeability spectrum is shown in 
drawing 2 . The absorption band (peak) of wave number 2360cm-l and 2330cm-l was not accepted so that 
clearly from this drawing. 

[0034] Subsequently, the quartz-glass crucible was manufactured using the synthetic silica glass powder 
obtained by the above-mentioned hydrogen processing. First, the high-grade-ized Xtal powder of 220 
micrometers of mean diameters was thrown into the container-like rotation mold for the quartz-glass crucibles 
of ordinary temperature, and the crucible outer wall section was formed. Then, the above-mentioned synthetic 
silica glass powder was thrown into the interior of this crucible outer wall section, and the crucible inner layer 
section was formed. The thickness of each layer made the outer wall section 70% of the whole crucible wall, 
and it formed the remainder so that it might become the inner layer section. In this way, making it rotate 
succeedingly, the rotation mold for crucibles which deposited silica fine particles was decompressed from the 
mold outside, performed melting of fine particles inside by arc discharge, and created the quartz-glass crucible 
whose outer diameter is 45.7cm. Air bubbles were hardly seen but the inner layer section of the obtained quartz- 
glass crucible was carrying out the smooth front face. (Example 1) 

[0035] Synthetic silica glass powder was obtained like the above-mentioned example except having performed 
the above-mentioned hydrogen processing in the mixed gas of the hydrogen which made hydrogen 
concentration one volume %, and nitrogen for the comparison. The permeability spectrum was measured by FT- 
IR on the above-mentioned example 1 and these conditions about this. The permeability spectrum is shown in 
drawing 3 . Although the absorption band (peak) of wave number 2330cm- 1 was not accepted so that clearly 
from this drawing, the absorption band (peak) of wave number 2360cm- 1 was accepted. Moreover, the quartz- 
glass crucible was manufactured like the above-mentioned example 1 except having used this synthetic silica 
glass. The appearance of the obtained quartz-glass crucible was almost equivalent to the above-mentioned 
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example 1 . (Example 1 of a comparison) 

[0036] Moreover, the permeability spectrum was measured by FT-IR on the above-mentioned example 1 and 
these conditions about the amorphous silica manufactured with the sol gel process which does not carry out 
hydrogen processing for a comparison. The permeability spectrum is shown in drawing 4 . The absorption band 
(peak) of wave number 2360cm-l and 2330cm-l was accepted by all so that clearly from this drawing. 
Moreover, the quartz-glass crucible was manufactured like the example 1 except having used the amorphous 
silica (synthetic silica glass) manufactured with this sol gel process. The appearance of the obtained quartz-glass 
crucible was almost equivalent to the above-mentioned example 1 . (Conventional example) 
[0037] Using the quartz-glass crucible of the above-mentioned example 1, the example 1 of a comparison, and 
the conventional example, about 50kg polish recon was fused under about 1333Pa reduced pressure and about 
1450-degree-C environment, and the silicon single crystal was raised. The rates of single-crystal-izing in the 
obtained silicon single crystal ingot are 98%, 87%, and 85% respectively, and the predominance of this 
invention example 1 was checked. When each quartz-glass crucible which the silicon single crystal pull-up 
activity ended was observed, generating of air bubbles was not accepted in the inner layer section (clear layer), 
and, as for the crucible of an example 1, the smooth front face was almost maintained. On the other hand, in the 
crucible of the conventional example, the big irregularity to which the part in which much abbreviation phi 1mm 
gassing was accepted, and the bubble was wide opened in part by the internal surface exists in a layer was 
observed. Moreover, in the crucible of the example 1 of a comparison, abbreviation phi0.5mm gassing was 
accepted in the layer, and the comparatively big irregularity accompanying bulging of air bubbles was observed 
by the internal surface. 
[0038] 

[Effect of the Invention] According to the quartz-glass crucible using the synthetic silica glass of this invention, 
in case it is used for a silicon single crystal pull-up, there are no generating and expansion of air bubbles in a 
crucible internal surface, and a smooth internal surface is maintained, and it has the effectiveness that the 
quartz-glass crucible which, as a result, has a high rate of single-crystal-izing is realizable. 
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